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The Nephelometric Determination of Sulphuric 


Anhydride in Cements. 


By LEON BLONDIAU 
DIRECTOR OF THE S.A. DES CIMENTS DE THIEU. 


THERE is an American method for the determination of sulphuric anhydride in 
cements (devised by Ruddy) which in thirty minutes achieves results differing 
from gravimetric results by only — 0-07 per cent. to + 0-03 per cent.* This 
method entails the use of a Wagner turbidimeter, an instrument which is too 
delicate to entrust to workmen who require a method which is not only accurate 
and consistent, but also simple and rapid. The nephelometric method described 
in the following satisfies these requirements and gives uniformity of results 
equal if not superior to the usual gravimetric methods. 

The addition of calcium sulphate to cement consists in placing CaSO, in a 
hydrochloric environment, whereby SO, ions precipitated by barium chloride 
form barium sulphate, which is practically insoluble in water and hydrochloric 
acid. The texture of the BaSO, precipitate varies considerably according to the 
temperature of precipitation. When it is warm the precipitate is granular and 
fairly easy to filter, but when cold it is very finely divided and dense, forming a 
suspension. This peculiarity is made use of in both the gravimetric and the 
nephelometric methods. Whereas in Ruddy’s method the SO, content is investi- 
gated as a function of the variation of intensity of a luminous flux passing through 
a constant thickness of BaSO,, in the nephelometric method the same SO, content 
is given as a function of the variation in height of the BaSO, suspension which is 
capable of intercepting a luminous flux of constant intensity. 

The Nephelometer. 

The nephelometer (Fig. 1) consists of a tube of sheet iron or other metal 

impervious to light, the dimensions of which are shown in the figure. Into this 


* According to Sprague. 
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tube is slipped a glass tube into which a turbid solution of BaSO, is poured. The 
dimensions of the glass tube are: Height, 210 mm. ; inner diameter, 27-4 mm. ; 
outer diameter, 31 mm. The tube is graduated in linear millimetres. Capacity, 
100 cubic millimetres of solution at 20 deg. C. divided by the inner section of 
the tube will give the total height of the graduation. In this case, the height is 
170 mm. 

The graduated tube rests on a disc of leather or other soft material, blackened 
on both sides and pierced by a central hole 10 mm. in diameter. The leather 
disc rests on a ring soldered to the metal tube ; its object is to receive the impact 
of the glass tube if the latter is inserted too violently and to form a joint which 
will prevent infiltration and reflection of light between the tube and the metal 
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Fig. 1.—The Nephelometer. Fig. 2. 


ring which acts as a support. The metal tube should be absolutely light-tight 
from outside. 


‘ 

A clear glass Philips bulb of 6 volts, 0-3 amps., having an average light intensity 
in an axial direction of 1-4 candle power with tolerance of + 0-20 candle power 
serves as the source of light. It is supplied from either a 6-volt accumulator 
or from the mains, a resistance being interposed in the case of direct current or, 
in the case of alternating current, a bell-type transformer, bringing the voltage 
down to 6 volts. In both cases a 30-ohm resistance adjusts the voltage at 6 volts. 
For this adjustment a voltmeter is placed at the lamp terminals, or a mark may be 
made on the rheostat setting dial. Although this latter method has been used 
during the tests described, the use of a voltmeter is advised. Fig. 2 shows the 
installation. 
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The lamp-holder is fixed to a black plastic knob, or failing that, it is coated on 
the inside with black matt paper. The lamp filament is exactly 75 mm. from the 
upper surface of the leather disc. The inner wall of the tube between the lamp and 
the disc is covered with black matt paper so as to avoid any reflected light. 


Preparation of the Barium Sulphate Solution. 

The precipitation of SO, ions by BaCl, gives a very thin precipitate, forming a 
suspension, and this SO, content is determined as a function of the intensity of 
opalescence of the suspension. The main and most delicate feature of this method 
lies in preparing a suspension of sufficiently intense and stable opalescence to be 
easily measured within the limits of light intensity and the dimensions of the tube. 
It is therefore essential to define exactly the conditions under which the suspension 
was formed and to determine and eliminate the causes of error so that the height 
of the suspension, the measurement of opalescent intensity which determines the 
disappearance of the luminous flux, is strictly a function of the SO,. Consider 
first the various factors that might cause errors by affecting the intensity and 
stability of the suspension. 

The preparation of a measuring scale capable of application to the different 
SO, contents usually met with in cements implies that a barium sulphate suspen- 
sion derived from a cement having a normal sulphuric anhydride content, e.g., 
1-5 per cent., must have a sufficiently intense opalescence to cause the luminous 
flux to disappear below a height corresponding to two-thirds of the graduated 
tube used, in the particular case under review this is about 100 mm. In the pre- 
liminary tests, I gramme of cement containing 1-5 per cent. SO, was weighed. 
The intensity of the suspension resulting from the treatment of this amount of 
cement was such that the luminous flux vanished below 40 mm. Modifications 
made to the light intensity by raising the voltage of the lamp to 7 did not appre- 
ciably raise this height. It had to be admitted, therefore, that the BaSO, con- 
centration was too high and that it had to be reduced by one-half at least. In 
fact, by working at 0-5 gr., the opalescence of the suspension was so far reduced 
that the luminous 6-volt filament disappeared at a height of 100 to 110 mm. 
This experiment showed that it was essential to weigh out 0-5 gr. of cement. 

In the cold precipitation of SO, ions by BaCl,, some mixed crystals may have 
formed by occlusion. Moreover, Batarew has shown that BaSO, formed in the 
cold state possesses a finely porous internal structure, whose capillaries absorb 
other salts whether dissociated or not ; raising the temperature and increasing the 
acidity lessen this capacity for absorption. To obtain a sohfion of barium 
sulphate that is sufficiently stable to be measured, it is necessary to work at a 
temperature below that at which the BaSO, begins to become granular. Raising 
the temperature facilitates and accelerates the growth of the larger grains at the 
expense of the smaller, a phenomenon which, by altering the proportion of par- 
ticles of varying sizes, gives rise on the one hand to a reduction of the Tyndall 
effect and on the other hand to a loss of light by diffusion, 1.e., absorption 
on the surface separating solid from liquid. Moreover, the barium sulphate 


particles become granular and settle at the bottom of the nephelometric tube 
oO 
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where, owing to their great specular reflection, they form a mirror and falsify 
measurements. An examination of the influence of the temperature factor on 
the height of suspension determining the extinction of the luminous filament led 
to solutions of the same concentration being treated under identical conditions 
so as to obtain particles of the same dimensions. The results of the experiments 
are shown in Table I and Fig. 3. It appears from this that: (1) The height of 
suspension is a linear function of the temperature logarithm, and (2) the deviations 
in height at various temperatures do not exceed the limit of sensitivity of the 
method (I mm.). It may therefore be deduced that, if it is essential to keep to a 
determined temperature, slight deviations of temperature involve only slight differ- 
ences in height. The application of the method in industrial laboratories requires 


TABLE I.—INFLUENCE OF THE TEMPERATURE FAcTOR (T°C.) OF THE SUSPEN- 
SION ON THE HEIGHT CAPABLE OF MAKING THE LUMINOUS FILAMENT DISAPPEAR 


MEIGHTS OF AVERAGE ABSOLUTE 
TEMPERATURE | SUSPENSION OF 5 TESTS |AYCINCE AGAOLE 
IN MIM." 
. % . : 


INFLUENCE OF TEMPERATURE FACTOR 


os 70 
HEIGHT IN MM, 


Fig. 3. 


a temperature which it is possible to obtain by everyday means such as cooling 
by a flow of cold water, and which is not liable to sudden change. The temperature 
of 20 deg. C., besides being the normal temperature of laboratories, is that 
at which laboratory glassware is normally calibrated. All these advantages have 
caused it to be adopted as the experimental temperature. 

During preliminary tests carried out in accordance with operational data from 
Ruddy’s method, which uses BaCl, 2 aq. crystals between Tyler filters Nos. 28 
and 100 (0-589 mm. and 0-147 mm.), results at first very much in agreement were 
obtained ; these were followed later by discrepancies of 0-3 to 0°5 per cent. of SOs. 
An examination of the causes of error showed a predominance of fine elements and 
the need for a stricter limitation of the size of the granules. Among other experi- 
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ments connected with research on the influence of the size of the crystals, the 
following were carried out : 

The BaCl, crystals were separated into different sizes using Tyler filters Nos. 8, 
14, 28, 48 and 100, and five different sizes of crystal were thus obtained, namely, 
(1) from 2-35 mm. to I-17 mm. ; (2) from 1-17 mm. to 0-059 mm. ;_ (3) from 0-589 
mm. to 0:259 mm.; (4) from 0-259 mm. to 0-147 mm.; (5) over 0-147 mm. 
Starting with a solution of hydrochloric acid with 1-80 per cent. SOs, suspensions 
were prepared by using granules of BaCl, 2 aq. of the sizes indicated. In each 
case stirring was effected for one minute at the rate of one rotation per second, and 
readings were made every minute until the height of suspension determining the 
disappearance of the luminous flux was constant. 


TABLE II. 


TIME RECKONED FROM HEIGHTS IN MM. OF BeSOs SUSPENSION NECESSARY TO MEASURE THE 
ADDITION OF Ballz ag DISAPPEARANCE OF THE LUMINOUS FILAMENT USING Ba Cle 


INCLUDING 4 MINUTES SIZE OF GRANULES DETERMINED BELOW 
STIRRING AT THE RATE OF 


IROTATION PER SECOND BETWEEN BETWEEN BETWEEN BETWEEN EXCEEDING 
(MINUTES) 2:35 MM 117MM. 0:589 MM 0-295 MM. ane7 hive 
$7 MM 6 0'589 MM. £0295 M. 80-147 4M 
77 8/ 97. 


/ 

2 
a 
4 
5 
6 
7 
8 
9 


THE TIME OF READING VARYING BETWEEN 20 & 45 SECONDS IS NOT INCLUDED IN THE TIMES INDICATED. 


The results of this experiment, which are given in Table II, led to the following 
conclusions: (1) The influence of the size of the BaCl, crystals is of paramount 
importance ; (2) On the one hand, the useful height of the tube (170 mm.) implies 
that in order to permit the nephelometric measurement of SO, contents of about 
I‘2 per cent. it is essential to keep to granules larger than 0-589 mm. On the 
other hand, the search for a rapid treatment limits the size of the BaCl, granules ; 
the sizes I-17 mm. to 0:58g mm. were adopted because with this size of granule 
the filament is extinguished at a height of suspension equal to half the useful 
height of the tube and because the suspension attains its maximum intensity in 
a relatively short time, viz., four minutes. (3) The turbidity or the intensity of 
opalescence increases as a function of time, reaching a maximum which not only 
is variable according to the size of the BaCl, aq. crystals, but which is the higher 
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and the more rapidly attained the greater the size of the crystals. This last 
deduction calls for an examination of the reading interval. 


The Reading Interval. 

Reading after five minutes, including one minute stirring, gave stable results ; 
it was essential, therefore, to ascertain whether such a reading interval was 
satisfactory and gave constant results for solutions of identical concentration. 
Starting with a homogeneous hydrochloric acid solution, suspensions were 
prepared and the turbidity measured after five minutes. The experiment was 
repeated on ten different occasions to find whether the maximum had been 
attained. The results are shown in Table III, which shows that this reading 
interval cannot be chosen at will; turbidity after five minutes varies from one 
test to another, although the SO, content was identical and the maximum was 
reached. In this case, reading discrepancies amount to a maximum of Io mm., 
i.e. more than 12 per cent. of the average height measured. These discrepancies 
indicate the irregularity of growth of the large granules of BaSO, and make it 


TABLE III. TABLE IV. 


INFLUENCE OF READINC DELAY ON REGULARITY OF 

HEIGHT OF SUSPENSION (STIRRING FOR I MINUTE AT RATE 

OF | ROTATION PER SECOND AND READING WITHIN 
FOLLOWING 30 SECONDS) 


HEIGHTS IN MM OF Ba SO# SUSPENSION } HEIGHTS IN MM OF BaSO*« SUSPENSION FOR 
(MINUTES) CEMENTS WITH APPROX. SOs CONTENT OF: 


; 79 74 76 78 8 77 78 84 75 75 rs 
Gantis| sem | 75mm | 8am | 
means] Ota | 085om | 000 om 

[Fem [rom | 000m | 


necessary to read off the height of suspension before the granules are deposited 
at the bottom of the tube. They also stress the importance of the time factor. 

Since during preliminary experiments on the influence of the size of crystals 
it was found that reading immediately after finishing stirring gave regular results, 
this variable factor was examined with greater attention. Starting with homo- 
geneous hydrochloric solutions with SO, contents of 1-4, 1-8 and 2:7 per cent. 
respectively, suspensions were prepared and the height determined for the 
extinction of the filament within 30 seconds after stirring for one minute at the 
rate of one rotation per second. The average results of the ten determinations 
made in each case are shown in Table IV ; the extent of the discrepancies shows 
their regularity and reveals the need for this reading interval. 

Speed of stirring facilitates the precipitation of the BaSO, and the formation 
of a granular precipitate. It may therefore be a cause of error. Nevertheless, 
as stirring is necessary to facilitate the solution of the BaCl, and to spread it 
throughout the solution being treated, stirring must be done slowly so as to delay 
the formation of the BaSO, precipitate. A speed of one rotation per second was 
adopted, and the results described have shown this to be a favourable one. 
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The regularity of the results shown in Table IV also indicates that the NCI 
concentration, the remainder from the attack on 0-5 gr. of cement by 5 ccm. of 
HCl diluted to 100 ccm., delays the formation of the precipitate sufficiently to 
ensure accurate reading. As the nephelometric method was applied to the 
determination of the SO, content of the hypersulphated cement, the high SO, 
content of this cement presented a fresh reduction in the sample. Moreover, 
as it was out of the question to weigh out quantities of 0-250 gr. and 0-125 gr., 
it was thought best to remove from the filtrate 50 ccm. or 25 ccm., diluting these 
amounts to 100 ccm. But such a dilution would entail a reduction of acidity 
and consequently an examination of the influence of the acid concentration in 
the solution. For this purpose samples of 0-5 gr. of metallic hypersulphated 
high resistance cement containing 7.3 per cent. SO, were attacked under the same 
conditions as the standard Portland cement, viz., after dilution in 10 ccm. of 
water, by 5 ccm. of HCl (density 1-195). The filtrates produced by these attacks 


TABLE V. TABLE VI. 


HYPERSULPHATED METALLURGICAL CEMENTS LAMPS OF LUMINOUS INTENSITY 

HIGH -RESISTANCE NORMAL 
1:20 CANDLES 1-58 CANDLES 
HEIGHT OF SUSPENSION IN MM.\HEIGHT OF SUSPENSION IN MM. 

’ 

HEIGHTS OF HEIGHTS OF 

SOLUTION TO 100cem | SOLUTION TO 100cem uspENsion| %SO3 |suspension| % SOF 
MM. 


WITHOUT | WITH WITHOUT | WITH IN MM 
ADDITION OF HCI ADDITION OF HCI 


IN 
837mm | 85mm | 78:Smm|- 81-25 formu O2mm | 221 | 7 


were collected and from all of them together, after being perfectly homogenised, 
filtrates of 25 ccm. were taken, placed in a 100-ccm. vessel and diluted to 100 ccm. 
in one case with distilled water only, and in the other by adding 3:25 ccm. of HCl 
(density 1-195) before diluting to 100 ccm. with distilled water. Normal hyper- 
sulphated metallic cement containing about 3-6 per cent. SO; is treated under 
the same conditions. From the homogenised total of filtrates, previously diluted 
to 100 ccm., 50 ccm. are taken, placed in a 100-ccm. vessel, and in the first case 
diluted to 100 ccm. with distilled water only ; in the second case 2-50 ccm. of 
HC] (density 1-195) are added before the whole is diluted up to the 100 ccm. mark. 
Ten nephelometric determinations were made for each of these four solutions under 
the same most favourable conditions of temperature, size of crystals, length of 
stirring and reading interval. Table V gives the results and the minimum and 
maximum deviations. A determined concentration of hydrochloric acid therefore 
appears to be indispensable to the regularity of reading off. Thus, in the applica- 
tion of the method to hypersulphated metallic cements, the acidity equals that 
of the Portland cement filtrate. 
Difference in the Light Intensity of the Lamps. 

Errors may also arise from differences in the luminous intensity of commercial 

lamps ; it was therefore necessary to ascertain the influence of this factor. To 
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do this, four lamps were calibrated and appreciable differences were discovered : 
Lamp No. I showed 1-51 candle power ; lamp No. II showed 1-24 candle power ; 
lamp No. III showed 1-20 candle power ; lamp No. IV showed 1°58 candle power. 
Comparative tests were carried out with the lamps showing the greatest difference, 
viz. those of 1-20 and 1°58 C.P. The voltage applied was in both cases 6, and 
the suspension used as a gauge came from the combination of filtrates from various 
attacks. The results of the tests, of which an example is given in Table VI, 
showed that the height of suspension determining the disappearance of the 
luminous flux is not affected by small differences in luminous intensity. In this 


TABLE VII. 
INFLUENCE OF LUMINOUS INTENS/TY 


$02 CONTENTS 
AVERAGE HEICHT 


HEIGHT OF 
SUSPENSION IN MM. 


yy |AVERAGE OF 3 TESTS 


CONTENT IN $0°% CEMENT: 210% %503 CORRESPONDING TO DIFFERENCE IN HEIGHT OF IMM=0-02%‘ 


INFLUENCE OF LIGHT INTENSITY FACTOR OF LAMP 


os ro ey ” 


LUMINOUS INTENSITY IN CP 


106 (le 103) IN TR 


« oe 6S) (66S 
HEIGHT IN MM 


Fig. 4. Fig. 5. 


experiment the results are given in SO, in order to make the amount of the devia- 
tions more obvious. In further tests the regularity of the results, in spite of the 
lamps being replaced, confirmed this conclusion. 

With the object of determining the errors due to larger variations in luminous 
intensity and the limit of variation after which the error exceeds the reading 
deviation proper, viz. I mm., the following experiment was conducted. Using 
lamps of luminous intensity calibrated between 7 and 3 volts, the height of 
suspension was determined in each case for three tests taken from a solution 
whose SO, concentration was perfectly homogeneous. 
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Table VII and Fig. 4 give the results. It is shown that the height of ex- 
tinction for suspensions of the same concentration and with equal diameter of 
particle (in regard to this last point, this presupposes strictly identical conditions 
for preparing and maturing the suspension) is a linear function of the logarithm 
of the luminous intensity falling on the bottom of the tube. Hence it emerges 
that : 

(rt) Slight variations in luminous intensity can only involve slight deviations 
in height. Indeed, variations of 0-2 C.P. in relation to the luminous intensity 
of 1-4 C.P. only really involve slight variations in height and therefore imper- 
ceptible SO; errors. The curve (Fig. 5) relating to the variations in height 
of SO; as a function of the luminous intensity falling on the bottom of the tube 
shows that in the limits between 1-2 and 1-6 C.P., viz., an average of 1-4 C.P., 
the SO, difference is 0-or per cent. 

(2) Greater differences in the luminous intensity under or over estimate the 
SO; content according to whether the luminous intensity deviation in relation 


TABLE VIII. 


LIGHT | neicHTsIN MM IN MM AveRAGE. | INTENSITY | HEIGHT 

LAMPS No er VOLTAGES mean eS ee HEIGHTS ae amr “aay 

4 1-58 6 

3 1:03 6 = a a 

3 Os! 2 05 655 66 655 

! 1-41 6 07 67 0 

3 1-03 6 66 66 

2 0:64 5 65 


to the intensities applied (1-2 to 1-6 C.P.) varies more or less from the average 
figure. This stresses the desirability of a voltmeter for regulating voltage and for 
rectifying possible differences derived from the apparatus (heating up of the 
transformer or rheostat). It may be objected that variations in luminous in- 
tensity obtained by voltage variations which modify the filament temperature 
do not give rise to the same distribution of energy of the light in the spectrum 
and consequently may entail differences in height which are not to be confused 
with those resulting from differences inherent in the construction of the lamps. 
It was considered advisable to check the extent of such differences as regards 
method. This check was carried out under the following conditions. From a 
batch of calibrated lamps there were selected (1) two lamps which, at 6 volts, 
showed a difference in luminous intensity’ A, equal to the difference in intensity 
due to a change in the current resulting from a drop of 1 volt ; (2) three lamps 
were selected by looking out for the same difference again. Table VIII above 
gives the results of these tests. It appears that to equal differences in luminous 
intensity due to current variations or to constructional differences in the lamps 
there correspond equal differences in the height of extinction. This deduction 
is more likely to be a consequence of the sensitivity of the method than an 
exception to the law governing the transmission of light. 





PAGE 92 CEMENT AND LIME MANUFACTURE SEPTEMBER, 1945 


(3) Certain lamps may show differences in luminous intensity deviating from 
the tolerance allowed and are therefore liable to produce deviations exceeding 
the limit (e.g., lamps of 1-03 C.P. at 6 volts). In connection with this last deduc- 
tion, in the absence of an installation for calibrating the luminous intensity of 
lamps, a standard cement with an exactly-known SO, content should be kept for 
testing purposes when a lamp has to be replaced. It must not be forgotten 
that, first, the method is based on the disappearance of the image of the luminous 
filament, an image which is surrounded by a circle of diffused light that attenuates 
it—a decrease in luminous intensity impairs the sharp outline of the image and 
thus makes observations more difficult ; secondly, the height .of extinction is 
recorded, with a view to estimating the SO, content, on a reference diagram drawn 
up under well-defined conditions. It is therefore indispensable to keep to these 
conditions so as to demand the full amount of precision from the diagrams and 


tables contained in this study. 
(To be continued.) 


Refractories in Portland Cement Manufacture.* 
By LEOPOLD TSCHIRKY. 


Selection of Refractories for Kiln Lining. 

DISCHARGE END BLOcCKs OR NosE BLockxs.—Most often early failure of these 
blocks is the result of one of two principal causes, or a combination of both. First, 
due to thermal spalling or cracking and, secondly, cracking brought about by 
mechanical conditions that are altogether foreign to a direct refractory problem. 
This can sometimes be traced to bricks designed with such a large volume 


Fig. 8 —Section of Unsatisfactory Nose Block. 


to each unit that it is impossible to manufacture them with uniform burning 
and density throughout, and this results in unequal expansion or contraction 
during the temperature fluctuations that take place when starting up and shutting 
down the kiln and obviously accelerates cracking tendencies. Such design also 
often results in shapes that are likely to have bulged or warped surfaces which, 
it not compensated for when the bricks are laid in the ring, result in adjacent 
bricks resting against one another either with point or line contact. 


* Continued from July number. 
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Nosg blocks are usually designed with offsets to fit over retaining angles or 
rings. These offsets must be shaped and located to fit over fixed kiln-end metal 
construction. Sometimes this metal construction is such that it results in such 
intricate nose-block design that the bricks have very little chance of success in 
service. A typical illustration of such design is shown in Fig. 8. Such a brick 
cannot help but be mechanically weak, with good chance of cracking at the sharp 
corners where shrinkage strains occur even before the brick has ever been placed 
in service. These strains radiate from the sharp corners in a brick in the same 
manner that they do in a metal casting. It is suggested, therefore, that nose 
blocks be kept to a reasonable minimum volume and also that when offsets 
are required to fit over metal construction to keep them to as few as possible 
and always to substitute a radius fillet in place of a sharp corner. Also, when 
designing kiln-end metal construction to consider how it will influence the design 
ot the nose blocks. Badly flared kiln ends may be due to several reasons, some 
more easy to control than others. Granted that flared-out kiln ends may at 
times be the effect rather than the cause of nose-block difficulties, it is most 
usually the reverse. Often this can be traced to too heavy metal construction 
at the end of the kiln and too little provision for expansion of this heavy con- 
struction. Kiln designers and operators have done much to help this condition, 
which has had much attention focused on it in late years as a result of the trend 
to tight sealing of the kiln to the hood and the higher kiln-end temperatures 
that can be expected. 

A good grade of first-quality (high-heat-duty) fireclay brick, possessing good 
mechanical strength and resistance to spalling, will be satisfactory in most cases. 


In a few instances, where unusually severe service conditions exist, super*duty 
fireclay bricks or unburned magnesite bricks are preferred, the choice depending 
on whether high resistance to spalling or extremely high refractoriness is the 
paramount consideration. 


BURNING ZONE OR CLINKERING ZONE.—In all industries using refractories, 
with the many different kinds of furnaces.employed, none presents a more severe 
problem than is encountered in the burning zone of a rotary cement kiln. It 
is also a complex one, not only because of the many factors that are involved, 
but also because of the wide range of products being successfully used in different 
plants. The life of any one grade of refractory has been known to vary widely 
under what on the surface appear to be identical operating conditions—often in 
kilns in the same plant where the design and lay-out, as well as operating condi- 
tions, are as alike as it is possible to make them. 

The grades of refractory brick generally used for the burning zone, in the 
order of their ability to withstand severe service, are: Unburned magnesite brick 
(basic brick) ; 70 per cent. alumina (Al,O,), 60 per cent. alumina (Al,O,) and 
50 per cent. alumina (Al,O,) brick (high-alumina brick); and 40 per cent. 
alumina (Al,O,) brick (fireclay brick). There is very little, if any, difference 
between the last two. Irrespective of the grade of brick used, the success of 
the lining in service is dependent almost wholly on its ability to build up and 
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maintain a protective clinker coating at the temperature in the burning zone. 
The problem of selecting the lining material that holds most promise of success 
then resolves itself into finding that which under known condition of operation 
will satisfactorily build up and maintain a clinker coating—remembering that the 
first coat of that lining and its effect on the overall cost per unit of clinker produced 
must also be taken into consideration. 

Considering only the lining’s ability to build up and maintain a satisfactory 
protective clinker coating, a principal consideration is the temperature at which 
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Fig. 9.—Results of Fusion Tests. 


the lowest fusing mix of clinker and brick will form a fusible mass. A great 
many fusion tests have been made of mixes of cement clinker with brick in the 
classifications listed, but the remarks that follow are confined to the tests on 
fireclay bricks (of approximately 40 per cent. Al,O, content), high-alumina 
bricks (of approximately 70 per cent. Al,O, content), and unburned magnesite 
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brick. The cement clinkers used for the fusion tests included several typical of 
the grades known as normal clinker, high-early strength clinker, low heat of 
hydration clinker, oil-well clinker, and other grades of so-called modified clinker. 
These clinker samples were obtained from cement plants in widely separated 
areas, and the results afford a good cross-section for the entire industry. The 
analyses of these clinkers fell within the following range: SiO,, 19-95 to 26-06 
per cent. ; Fe,O,, 1-99 to 5-89 per cent. ; Al,O,, 4-08 to 7-80 per cent. ; CaO, 
63-73 to 68-98 per cent. ; MgO, 0-80 to 3-14 per cent. ; free lime, 0-61 to 1-55 
per cent. 

Seventy-two separate tests were made and the results are shown in Fig. 9. 
The tests showed that, except in the case of the unburned magnesite brick, 
mixtures of cement clinker and brick will form with fusion temperatures lower 
than the temperature at which cement clinkers of to-day are burned. The fusion 
temperatures of mixes using 40 per cent. alumina fireclay brick were as low as 
about 2,250 deg. F. The fusion temperatures of mixes using 70 per cent. high- 
alumina brick show considerable improvement, with the low fusion temperatures 
averaging about 2,500 deg. F., which, however, is still much under modern 
burning zone temperatures. The mixes of cement clinkers with unburned mag- 
nesite brick show very high fusion temperatures, all of them exceeding 3,335 
deg. F.—the highest temperature attainable in the testing apparatus and a tem- 
perature higher than ever reached in a cement kiln, 


In the light of these results it may seem strange that the few cement plants 
still using fireclay brick linings, and the many that are using high-alumina 
brick linings, find these satisfactory lining materials in spite of the fact that their 
burning zone temperatures are in excess of the fusion temperature of the low 
fusing mix of their clinker and these bricks. That these plants do get satisfactory 
lining life is due to the fact that conditions are such that a protective clinker 
coating can be, and is, built up on these lining materials to a sufficient thickness 
and retains such thickness that the temperature drop through the coating, to 
where coating is adhering to the lining, is sufficient that in the region or zone 
of coating attachment the temperature is actually lower than the fusion tempera- 
ture of the low fusing mix of clinker and brick lining. If, however, conditions 
should occur to disturb this temperature balance, due perhaps to coating leaving 
the lining or becoming thin, or if the temperature in the burning zone rises above 
normal, then one of two things must take place if the lining is to continue to 
render a reasonable amount of additional service. First, a clinker coating must 
be rapidly built up again on the lining to a degree that again makes possible the 
lowering of the temperature in the region or zone of clinker attachment to below 
the fusion temperature of the low fusing mix of clinker and brick. Or, secondly, 
the brick lining thickness will disappear rapidly until it becomes so thin that 
cooling action from the outer shell will cause the temperature on the inside face 
of the lining to fall below the fusion temperature of the low fusing mix of clinker 
and brick. When the latter takes place, coating will again start to build up. 
It is unfortunate that often when this stage is reached the lining has become so 
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Fig. 12.—Slagging Effect of Clinker on Unburned Magnesite Brick. 
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thin that the safest procedure is to renew the lining. The tests also indicate why 
basic brick can be expected to render satisfactory service under conditions that 
are too severe for high-alumina brick linings. In choosing a burning zone lining 
material it is therefore well to know the temperature that must be reached satis- 
factorily to burn the material in the kiln and also to have a good idea of the 
effect on fusion temperature of varying mixes of the load material and the 
refractory under consideration. 

Tests have also been made to study the relative slagging effect of different 
cement clinkers on refractories used for burning zone linings. For these tests 
bricks were drilled to form a pocket 2} in. in diameter and ? in. deep. The pocket 
was then filled with finely-ground clinker, the brick and clinker placed in the 
furnace, heated gradually and uniformly to 2,800 deg. F. over a period of four 
hours, and kept at 2,800 deg. F. for a further four hours. The bricks were 
allowed to cool and fractured through the pockets to observe the action which had 
taken place. 

Typical results obtained in these tests are shown in Figs. 10, 11 and 12. 
Fig. 10 isa fireclay brick (40 per cent. Al,O,). The cement clinker has vigorously 
reacted with the brick to form a mix at test temperature which became a fluid 
mass. On cooling this fluid mass became a blackish substance, which on fracture 
is a solid, shiny, glass-like mass. In view of the density of the fireclay brick 
used in the test, there is little sign of the molten material having been absorbed 
into the brick. Fig. 11 is high-alumina brick (70 per cent. Al,O,). The cement 
clinker has attacked the brick and caused the pocket to be deepened. The clinker 
has not fully combined with the brick, but what fluid mass did result has been 
absorbed in the pores of the brick. Fig. 12 is unburned magnesite brick. The 
cement clinker has not attacked the brick. The clinker can be seen as a sintered 
mass resting loosely in the bottom of the pocket. 

These slagging tests, together with the fusion tests, give good indication of 
the relative resistance to fluxing action of refractories of the grades or classifi::a- 
tions employed in the tests in the presence of cement clinker at high temperature. 
The more resistant the refractory is to fluxing action, the more readily it should 
take a protective clinker coating, maintain the coating, and also, if during opera- 
tion the coating is lost, less lining thickness will be fluxed away before new coating 
is formed. The results are in line with what one would expect to obtain, for the 
comparative behaviour of the bricks used in the tests can be well forecast when 
considered from the viewpoint of the phase-rule diagrams of the systems lime- 
alumina-silica and lime-magnesia-silica (Figs. 2 and 3). They are marked to 
show the areas in the phase-rule diagrams within which the various compositions 
which might be formed with mixes of cement clinker and brick would fall. The 
fusion points taken from these diagrams would, of course, be lower in practice 
due to the added fluxing action of impurities. 

It has been stated that in the slagging tests cement clinker did not attack 
the unburned magnesite brick, and that at the end of the tests the clinker was 
found as a sintered mass resting loosely on the unburned magnesite brick. This 
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may raise the question of whether, if the clinker and brick do not react to form 
a slag on the surface of the brick, the brick would actually take a clinker coating 
in service. The answer is that they do. The reason is that the load material 
in a cement kiln does not require a slagged surface to cement a coating to the 
brick. The charge, in passing through the burning zone, develops the power of 
agglomerating which causes the load particles to adhere to the unburned magnesite 
bricks despite the fact that there is no sticky slag surface on the lining. They 
will do this in exactly the same manner as they do to form the clinker lumps that 
are discharged from the kiln. Were this not so, the discharge from the kiln would 
be as finely powdered a material as that charged into the kiln. 

Petrographic and chemical examinations of brick linings and the adhering 
clinker coating have also contributed greatly to the knowledge of relative 
behaviour of different refractories in service. 

Much information is available to guide one in selecting burning zone lining 
material. However, there are numerous other factors involved in the operation 
of a cement kiln which in the strict sense of the term are actually not a refractories 


KILN SHELL 


Fig. 13.—Early Type of Unburned Magnesite Brick for Burning Zone. 


problem even though they singly or in combination can, and usually do, have a 
decided effect on ultimate burning zone lining life. The perplexities of burning 
zone lining performance can frequently be traced to some of these other factors— 
many of which are extremely difficult to control. 

The most desirable thickness of burning zone lining is closely allied to the 
subject of protective clinker coatings. It also involves consideration of the insulat- 
ing effect of the refractory lining. In some cases it may also involve consideration 
of the effect of reducing or enlarging the effective area of burning zone cross- 
section and the effect this would have on kiln output. It should be remembered 
that a clinker coating will not build up, or remain, on the lining unless the tem- 
perature at the working face of the brick is kept lower than the fusion temperature 
of the low fusing mix of clinker and brick. If, when fireclay or high-alumina 
bricks are used, that condition can be reached with a certain thickness of lining, 
little or no benefit can be expected from an increase in that thickness. The added 
thickness would serve as undesirable insulation and would soon be lost during 
the initial coating-up period. This has been demonstrated many times in practice 
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where it has been found that the most generally satisfactory fireclay brick and 
high-alumina brick linings are those 6 in. thick. However, at a few plants 
g in. linings are used, but these no doubt have operating conditions, in so far as 
protective coating characteristics are concerned, that work in their favour. 
However, when basic brick linings are used, the matter of maximum thickness 
of lining that can safely be employed differs, in that basic bricks will not form 
mixes with cement clinker that fuse at temperatures reached in a cement kiln. 
Therefore, such linings can be expected to build up protective clinker coating even 
though insulated by a heavy thickness of lining. Several cement plants con- 
fronted with severe burning zone conditions have changed from 6 in. to g in. thick 
basic brick linings and are pleased with the change. 

There has always been a desire to insulate the lining in the burning zone. 
Some estimate that the heat loss through the entire kiln shell, when that lining 
rests directly against the shell, is as high as 15 per cent. Some estimate that it 
exceeds 20 per cent. All seem agreed that the zone of greatest loss is the burning 
zone. Furthermore, the statement is frequently made that of all the heat 
that can be conserved throughout the length of the kiln none could be put to 
better use than that conserved in the burning zone, because so large a percentage 
of the total heat input is required to condition the load properly before it enters 
the burning zone. Whether these statements are correct or not, the fact remains 
that maximum heat conservation is a desirable goal. 

It is useless to consider insulation within the burning zone when fireclay bricks 
or high-alumina bricks are used as the lining. Mixes of such bricks and clinker 
can be formed which will fuse at temperatures much below those employed to 
burn clinker. The problem was unapproachable until unburned magnesite bricks 
and their high fusion properties in the presence of clinker appeared. The early 
difficulty was to find an insulating lining material with a physical strength capable 
of withstanding the severe conditions such a lining is subjected to, and to ensure 
mechanical stability in the refractory lining. One installation was made by laying 
the unburned magnesite brick lining over an insulating lining in the manner that 
insulated fireclay brick linings are usually installed in intermediate and cold 
zones. This lining collapsed after a few days’ operation. The brick shown in 
Fig. 13 was then designed. This permits the unburned magnesite bricks to rest 
against the kiln shell on two legs, and makes provision for the insertion of insulating 
blocks between the refractory block and the kiln shell in a manner that relieves 
the insulating material from any strain. This lining, using insulating blocks 
of the same kind of insulating material as was used in the initial experiment, was 
installed in an 11-ft.diameter kiln early in 1939. The installation was made in 
a plant that was already using 17 ft. 6 in. long linings of 6 in. thick unburned 
magnesite bricks in the severe portion of the burning zone. It was decided to 
place the special insulated lining in the zone of most severe service, so it was 
placed in the centre of this length. The insulated portion was Io ft. 6 in. long and 
it fell over the front tire. This lining took on a clinker coating as readily as the 
uninsulated lining, and was satisfactory in every respect. The life was 655 
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operating days, which was the same as the life of the adjacent uninsulated sections. 
Two months after starting up, shell temperatures were measured on the insulated 
lining as well as on comparable positions of another kiln lined with unburned 
magnesite bricks 6 in. thick directly against the shell. The temperatures reported 
were as follows : 

INSULATED LINING—KILN A 
5 ft. ahead of tire, 280 deg. F. 


Opposite sie = »» 340 deg. F. 


* »» 390 deg. F. Ba 332 deg. F. 
3 t back of tire, 420 deg. F. 


Opposite sides , 230 deg. F. 


nee Lininc—KILN B 
4 ft. ahead of tire, 460 deg. F. 
4 ft. As » 480 deg. F. 
* », 400 deg. F. ;Average 438 deg. F. 
{ : ft. back of tire, 370 deg. F. 
a » 480 deg. F. 


Opposite sides 


Opposite sides 


732", VI6* METAL 
3-21/32 PLAT 


Fig. 14.—Unburned Magnesite Brick, Insulating Brick, and Metal 
Plate in one piece. 


When comparing these figures it should be remembered the insulated lining 
was only Io ft. 6 in. long and that the adjacent lining at either end was uninsulated. 
It is reasonable to assume, therefore, that a considerable part of the temperature 
determined on the insulated shell can be attributed to heat conduction from the 
adjacent uninsulated shell. Furthermore, kiln A had previously always been 
considered this plant’s hottest kiln, and kiln B its coolest kiln, the reason being 
that kiln A is alongside a brick wall, whereas kiln B receives the benefit of the 
cooling action of many open windows and doors. 

Further developments have resulted in a combination of unburned magnesite 
brick, insulating brick, and metal plate used between unburned magnesite brick 
all in one piece. This design is illustrated in Fig. 14. Two such linings were 
placed in service. One did not last long, but here the difficulties were of a nature 
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not to detract from the design. The second lining gave a very good account of 
itself. Coating characteristics were excellent and its life was 392 days’ operating 
time. Unfortunately the war made it impossible to obtain more of the insulating 
bricks required, so that further installations and developments are delayed. 
INTERMEDIATE OR CALCINING ZONE.—Until recently little attention was 
directed to this zone, where formerly a good grade of high-heat duty fireclay brick 
served the purpose well. However, intermittent operating conditions, coupled 
with the trend towards higher kiln temperatures, has frequently resulted in a 
refractory problem of considerable proportions ; in some cement plants it became 


25 


AJA | 
AAAI) 
AVY AAAAAAY) 
VV AA) 
AVA A ATA"h'AA" 4 444A AAAAAe 
1 CAAA AA 
A aA 
DEEPER MAAAAAL 
II AAALAAAAL 
AAAAAAAAAAAG (AAA AAAS 
AAA A Ve) 
eee. LY 
a Ie Oe 
HA | BAVA AAA A td 
LMA VAIO EEE 
PVA LV 
ALAA AAA OLY 
MAAAAAAAAL, 4 AAA 
a gtr eee den NAAAAAAA A ae 1 
ATA AAVAVA"A"A"A 44 LAA ar 
AA AATATATATATATA"AVAVATAVATATATA'ATA B'ATA"A'S 4 
OA AAAAL MI AAAAAAAAAMAAAS 
AAV IAAAAAAAAAAAAAAAAAGE! | 
AA AAA AAA 
NAA AAA 
LLAMA AA AAA ae | 
VA Aa) 
AAA AAA 
ALVA AAA a 
AAA Ag 1 | 
Cae 
ye 
VY VI 
Ye 
ss 


I 
ww) 
0 
al 
be 
z 
uJ 
UO 
ax 
uJ 
a 


Ld TT. At 


s - ‘ a 
At PERT - 4 ror rrrrtr 


Fars awreseiraraweee ms 


ASTM C-107-36 ASTM C-!122-37 
(24 HRS. @ 2912°F (24HRS.@ 3000°F. 
PREHEATING) PREHEATING) 


Fig. 15.—Resistance to Spalling of Super-Duty Bricks and Fireclay Bricks. 


as important as in the burning zone. The condition of the load material and the 
temperatures normally encountered in the intermediate zone are not those which 
result in the formation of protective coating on the lining. What coating does 
form is usually an unpredictable and unstable coating in a relatively short length 
adjacent to the burning zone—and here the same general principles are involved 
as those described in relation to burning zone refractories. The major length of 
the intermediate zone lining is bare of any coating, except what little powdered 
material adheres as the kiln rotates. This is so slight that it can be disregarded 
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in so far as any effect on the lining is concerned. For all practical purposes the 
refractory lining in the intermediate zone can be considered as bare brick subjected 
to temperature conditions that make resistance to spalling a major consideration. 
This takes on added importance when the lining is subjected to the sudden wide 
temperature changes brought about by intermittent operation. For this reason 
super-duty fireclay bricks are becoming increasingly popular for intermediate 
zone lining and have, in many instances, helped materially to improve the life 
of the lining. Super-duty fireclay bricks‘represent the highest point in the 
development of strictly fireclay bricks. They are very hard-burned and have 
high density and volume stability, which contribute to increased resistance to 
spalling. Their greater volume stability and materially better resistance to 
spalling give them a decided advantage for severe intermediate zone service over 
the fireclay brick. Fig. 15 illustrates the superior resistance of super-duty fireclay 
brick over regular first quality fireclay brick. 

Important as these considerations are for linings laid directly against the kiln 
shell, they become more important for linings laid with insulation between t he 
refractory and the shell. Linings so insulated require a refractory possessing 
excellent volume stability and resistance to spalling. When insulated linings 
are brought up to operating temperature there is less chance for dissipation of 
heat through the lining and shell, with the result that there is less expansion in 
the shell. Therefore the greater the volume of stability of the refractory the 
less will be the pressure exerted on the insulating lining if the kiln temperature 
should become excessive. Furthermore, when the kiln is shut down the insulated 
hot refractory lining does not have the benefit of the cooling action through the 
kiln shell in anywhere near the degree enjoyed by an uninsulated lining, with 
the result that the cooling is not as uniform throughout the lining. This latter 
feature calls for maximum resistance to spalling. Recent experiences in several 
plants that have insulated intermediate zone linings in newly-built kilns have 
caused attention to be focused on what takes place, or may take place, in such 
linings, and from the observations and trials now being made it is hoped that 
information will become available to remove some of the uncertainties. 

COLD OR PREHEATING ZONE.—This zone presents no unusual refractory problem 
unless perhaps in connection with insulated linings. Such problems, however, 
can be expected to be far less severe than the similar ones in the intermediate 
zone, and as information is acquired which will improve the results in the 
intermediate zone, it is probable that this will in some degree be applicable to 
cold zone linings. 

_ DRYING ZONE AND FEED EnD BLocks.—Little can be added to the comment 
already made on these parts of the kiln lining. 
(To be concluded.) 





